MANUFACTURING METHOD OF SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

This invention relates to a manufacturing method of a BGA (Ball Grid Array) type 
5 semiconductor device which has ball-shaped conductive terminals. 
Description of the Related Art: 

A CSP (Chip Size Package) receives attention in recent years as a three-dimensional 
mounting technology as well as a new packaging technology. The CSP means a small package 
having about the same outside dimensions as those of a semiconductor die packaged in it. 
1 0 The BGA type semiconductor device has been known as a kind of CSP. A plurality of 

ball-shaped conductive terminals made of metal such as solder is arrayed in a grid pattern on one 
principal surface of a package of the BGA type semiconductor device and is electrically 
connected with the semiconductor die mounted on the other side of the package. 

When the BGA type semiconductor device is mounted into electronic equipment, the 
15 semiconductor die and external circuit on a printed circuit board are electrically connected by 
compression bonding of each of the conductive terminals to each of wiring patterns on the 
printed circuit board. 

Such a BGA type semiconductor device has advantages in providing a large number of 
conductive terminals and in size reduction over other CSP type semiconductor devices such as an 
20 SOP (Small Outline Package) and a QFP (Quad Flat Package), which have lead pins protruding 
from their sides. The BGA type semiconductor device is used as an image sensor chip for a 
digital camera incorporated into a mobile telephone, for example. 

Figs. 1 1 A and 1 IB show outline structure of a conventional BGA type semiconductor 
device. Fig. 1 1 A is an oblique perspective figure showing a top side of the BGA type 
25 semiconductor device. And Fig. 1 IB is an oblique perspective figure showing a back side of 
the BGA type semiconductor device. 

A semiconductor die 104 is sealed between a first glass substrate 102 and a second glass 
substrate 103 through epoxy resins 105a and 105b in the BGA type semiconductor device 101. 
A plurality of conductive terminals 106 is arrayed in a grid pattern on a principal surface of the 
30 second glass substrate 103, that is, on a back surface of the BGA type semiconductor device 101 . 
The conductive terminals 106 are connected to the semiconductor die 104 through a plurality of 



second wirings 110. The plurality of second wirings 1 10 is connected with aluminum first 
wirings pulled out from inside of the semiconductor die 104, making each of the conductive 
terminals 106 electrically connected with the semiconductor die 104. 

More detailed explanation on a cross-sectional structure of the BGA type semiconductor 
5 device 101 will be given hereafter referring to Fig. 12. Fig. 12 shows a cross-sectional view of 
the BGA type semiconductor devices 101 divided along dicing lines into individual dice. 

The first wiring 107 is provided on an insulation film 108 on a top surface of the 
semiconductor die 104. The semiconductor die 104 is bonded to the first glass substrate 102 
with the resin 105a. A back surface of the semiconductor die 104 is bonded to the second glass 

10 substrate 103 with the resin 105b. 

One end of the first wiring 107 is connected to the second wiring 110. The second 
wiring 110 extends from the end of the first wiring 107 to a surface of the second glass substrate 
103. The ball-shaped conductive terminal 106 is formed on the second wiring 110 extended 
onto the second glass substrate 103. 

15 A protection film 111 of an organic resin is formed before dicing on a top surface of the 

BGA type semiconductor device 101 described above, which has a V-shaped groove VG (Refer 
to Fig. 1 3A.). Conventionally, the protection film 1 1 1 is formed on a surface of the second 
wiring 1 10 by facing up the back surface of the semiconductor die 104, potting a thermosetting 
organic resin on it and spinning a semiconductor wafer, in which the semiconductor dice 104 are 

20 formed, to spread the thermosetting organic resin on the back surface utilizing centrifugal force. 

In this method, however, the thermosetting organic resin accumulates too thick in a bottom 
of the V-shaped groove VG around the dicing line (dashed line), as shown in Fig. 13 A. It is 
because the thermosetting organic resin has a property of a sticky paste. As a result, the organic 
resin accumulated in the bottom of the V-shaped groove VG shrinks more than the organic resin 

25 covering other portion of the semiconductor device 101, when the protection film 1 1 1 is 

hardened by baking (heat treatment). There arises a problem that the larger shrinking in the 
bottom of the V-shaped groove VG causes a warping in the semiconductor wafer. (The warping 
in direction indicated by arrows in Fig. 13B is caused.) 

The warping in the semiconductor wafer poses a problem to a manufacturing process that 

30 follows. Especially in a process step to form the conductive terminal 106 by screen printing 
using the protection film 111 as a mask, accuracy of printing alignment gets worse, resulting in 



reduced yield or potential deterioration in reliability of the BGA type semiconductor device 101. 

SUMMARY OF THE INVENTION 
A semiconductor wafer is prevented from warping by forming a film of cushioning 
material, a protection film or a photoresist film to provide an opening in the protection film by 
5 spray coating to make thickness of the film uniform. Accuracy of alignment to form a 
conductive terminal in subsequent screen printing process is increased to improve yield and 
reliability of a BGA type semiconductor device. 

BRIEF DESCRIPTION OF THE DRAWING 
Fig. 1 is a cross-sectional view showing a manufacturing method of a semiconductor 
10 device according an embodiment of this invention. 

Fig. 2 is a cross-sectional view showing the manufacturing method of the semiconductor 
device according the embodiment of this invention. 

Fig. 3 is a cross-sectional view showing the manufacturing method of the semiconductor 
device according the embodiment of this invention. 
15 Figs. 4 A and 4B are cross-sectional views showing the manufacturing method of the 

semiconductor device according the embodiment of this invention. 

Fig. 5 is a cross-sectional view showing the manufacturing method of the semiconductor 
device according the embodiment of this invention. 

Fig. 6 is a cross-sectional view showing the manufacturing method of the semiconductor 
20 device according the embodiment of this invention. 

Fig. 7 is a cross-sectional view showing the manufacturing method of the semiconductor 
device according the embodiment of this invention. 

Fig. 8 is a cross-sectional view showing the manufacturing method of the semiconductor 
device according the embodiment of this invention. 
25 Fig. 9 is a cross-sectional view showing the manufacturing method of the semiconductor 

device according the embodiment of this invention. 

Figs. 10A and 10B are cross-sectional views showing the manufacturing method of the 
semiconductor device according the embodiment of this invention. 

Figs. 1 1 A and 1 IB are oblique perspective views showing a manufacturing method of a 
30 semiconductor device according to a conventional art. 

Fig. 12 is a cross-sectional view showing the manufacturing method of the semiconductor 

3 



device according to the conventional art. 

Figs. 13A and 13B are cross-sectional views showing the manufacturing method of the 
semiconductor device according to the conventional art. 

DETAILED DESCRIPTION OF THE INVENTION 
5 A manufacturing method of a semiconductor device according to an embodiment of this 

invention will be explained referring to figures hereinafter. Figs. 1 - 6 are cross-sectional views 
showing the manufacturing method of the semiconductor device according the embodiment of 
this invention. 

First, a semiconductor wafer 1 a having a plurality of semiconductor dice 1 is provided, as 
10 shown in Fig. 1. The semiconductor dice 1 are CCD image sensors, for example, and are 
manufactured by semiconductor wafer processing. A pair of first wirings 3 made mainly of 
aluminum or copper are formed to be 1 |im thick by sputtering on a insulation film 2 formed on 
the semiconductor wafer la. 

Each of the pair of first wirings 3 is formed facing each other across a border line (called a 
15 dicing line or a scribe line) S to divide the semiconductor wafer into individual dice. Or, a first 
wiring 3 may be formed extending across the border line S and divided into a pair of first wirings 
3 later on. 

Each of the pair of first wirings 3 makes a pad extending from a bonding pad in the 
semiconductor die 1 to proximity of the border line S. That is, each of the pair of first wirings 3 

20 is a pad for external connection, and is electrically connected with a circuit in the semiconductor 
die 1 which is not shown in the figure. 

Next, a first glass substrate 4 of thickness of 200 |im is bonded to a top surface of the 
semiconductor wafer la, on which the first wirings 3 have been formed, using a resin 5a made of 
transparent epoxy material as a binder, as shown in Fig. 2. Then the semiconductor wafer la is 

25 etched along the border line S from its back surface by dry etching to expose the insulation film 
2, after the semiconductor wafer la is back-ground to 100 \im in thickness. Although the 
semiconductor wafer la is divided into individual dice 1 by the dry etching, the semiconductor 
dice 1 are held together with the first glass substrate 4 working as a supporting substrate to keep 
a shape of a sheet of the semiconductor wafer 1 a. 

30 Then another supporting substrate of a second glass substrate 6 of 100 |im in thickness is 

bonded to the back surface of the semiconductor dice 1 using a resin 5b as a binder, as shown in 
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Fig. 3. 

After that, a cushioning material 7 made of flexible photosensitive organic film is 
preferably formed on a flat portion at predetermined position on each of the second glass 
substrates 6, as shown in Fig. 4A. The cushioning material 7 is to absorb a stress applied on a 
5 conductive terminal 10, which will be described later, and prevent the glass substrate from 
cracking. Note that the cushioning material 7 may be made of a material other than the 
photosensitive organic film, as long as it is flexible. 

The cushioning material 7 is formed on the surface of the second glass substrate 6 by 
coating by spraying (hereafter referred to as spray coating) a film-forming material such as liquid 
10 photosensitive organic material toward the surface of the second glass substrate 6 with a spray 
coater (not shown). 

The spray coater is structured to apply pressure on the liquid photosensitive organic 
material and spray it from a thin nozzle on the surface of the second glass substrate 6, making the 
photosensitive organic material mist of fine particles. The spray coater may be controlled 
15 manually or automatically, as long as it is structured as described above. 

Then unwanted portion (portion except for portions at the predetermined positions) of the 
cushioning material 7 formed on the second glass substrate 6 is removed. 

The cushioning material 7 is formed in uniform thickness by the spray coating. 
Therewith the conductive terminal 10 can be formed at a predetermined position and of a 
20 predetermined height, when the conductive terminal 10 is formed above the cushioning material 
7 later on. As a result, the stress applied on the conductive terminal 10 is made uniform, 
preventing cracking and warping of the glass substrate due to the stress from occurring. 

After that, notching is made from the back surface of the semiconductor die 1 along the 
border line S. The notching is made by cutting the semiconductor die 1 from its back surface 
25 using a saw-shaped tool such as a blade, for example. The notching is made from the second 
glass substrate 6 until a part of the first glass substrate 4 is cut so that side edges of the first 
wirings 3 are exposed on the notched surface. A V-shaped groove VG is formed along the 
border line S by the notching. Since the exposed surface is contaminated by the notching in 
some cases, the exposed surface may be cleaned by dry etching if necessary. 
30 The notching is made after forming the cushioning material 7 in the embodiment 

described above. Not limited to that, the cushioning material 7 may be formed after the 



notching process by spray coating. Since the cushioning material 7 is formed uniform in 
thickness over the surface including the surface of the V-shaped groove VG without 
accumulating thick in a bottom of the V-shaped groove VG, consumption of the photosensitive 
organic material is reduced as much as possible in this case also. Besides, the semiconductor 
5 wafer la is prevented from warping, because the photosensitive organic material is formed 
uniform in thickness without becoming thick in the bottom of the V-shaped groove VG. 

Next, a metal layer of thickness of about 3 |im made mainly of aluminum or copper is 
formed to cover the second glass substrate 6 and the V-shaped groove VG formed by the 
notching, as shown in Fig. 4B. Then, patterning is made on the metal layer 8 to form a second 

10 wiring 8 which is electrically connected with the exposed side edge of the first wiring 3. Ni 
(nickel) and Au (gold) plating (not shown) is formed on the surface after the second wiring 8 is 
formed. The second wiring 8 extends over the surface of the second glass substrate 6 on the 
back surface of the semiconductor die 1 . The conductive terminal 10, which will be described 
later, is formed on the second wiring 8 extended over the surface of the second glass substrate 6. 

15 Next, a protection film 9 is formed on the second wiring 8, as shown in Fig. 5. The 

protection film 9 works as a solder mask in later process step of screen printing. The protection 
film 9 is formed on the surface of the second wiring 8 by spray coating an organic resin such as 
an epoxy resin, for example, with a spray coater (not shown) in direction indicated with arrows 
in the figure, that is, toward the surface of the second wiring 8. 

20 The spray coater is structured to apply pressure on the liquid organic resin and spray it 

from a thin nozzle on the surface of the second wiring 8, making the organic resin mist of fine 
particles. The spray coater may be controlled manually or automatically, as long as it is 
structured as described above. 

Since the protection film 9 is formed to have uniform thickness on the surface including 

25 the V-shaped groove VG without becoming a thick pile in the bottom of the V-shaped groove VG, 
consumption of the organic resin is reduced as much as possible. 

When a thermosetting resin is used as the organic resin, the protection film 9 is hardened 
by baking at predetermined temperature after spray coating the protection film 9. Unlike in the 
case of the conventional art, warping of the semiconductor wafer la does not occur in this case, 

30 since the protection film 9 is formed to have uniform thickness without becoming thick in the 
bottom of the V-shaped groove VG The protection film 9 may be formed of a photoresist 



material. 

Next, an opening K is formed at predetermined position in the protection film 9 above the 
second glass substrate 6 to expose the second wiring 8, so that the conductive terminal 10, which 
will be described later, is formed in the opening K. The opening K is formed above the 
5 cushioning material 7, when the cushioning material 7 is provided. The opening K is formed 
using a photoresist layer R as described below. 

As shown in Fig. 6, the photoresist layer R is formed on the protection film 9 by spray 
coating a liquid photoresist material, for example, in direction as indicated with arrows in the 
figure, that is, toward a surface of the protection film 9. Forming the photoresist layer R by 
10 spray coating is done with a spray coater (not shown). 

The spray coater is structured to apply pressure on the liquid photoresist material and 
spray it from a thin nozzle on the surface of the protection film 9, making the photoresist 
material mist of fine particles. The spray coater may be controlled manually or automatically, 
as long as it is structured as described above. 
15 Since the photoresist layer R is formed to have uniform thickness on the surface including 

the V-shaped groove VG without becoming thick in the bottom of the V-shaped groove VG, 
consumption of the photoresist material is reduced as much as possible. 

When a thermosetting resin is used as the photoresist material, the photoresist layer R is 
hardened by baking at predetermined temperature after spray coating the photoresist layer R. 
20 Unlike in the case of the conventional art, warping of the semiconductor wafer la does not occur 
in this case, since the photoresist layer R is formed to have uniform thickness without 
accumulating thick in the bottom of the V-shaped groove VG. 

Next, as shown in Fig. 7, portions of the photoresist layer R above the cushioning material 
7 are removed by exposure using a mask (not shown) and development. Then, portions of the 
25 protection film 9 are removed by etching using the photoresist layer R as a mask, from which 
above-mentioned portions are removed, so that the openings K are formed to expose the second 
wiring 8, as shown in Fig. 8. After that, the photoresist layer R is removed, as shown in Fig. 9. 

Next, the conductive terminals 10 made of metal such as solder are formed on the second 
wiring 8 exposed in the openings K, by screen printing using the protection film 9 with the 
30 openings K as a mask, as shown in Fig. 10A. Each of the conductive terminals 10 is disposed 
above the cushioning material 7, when the cushioning material 7 is provided. 



The screen printing is made with high accuracy, since the warping in the semiconductor 
wafer la is suppressed compared with the conventional art. That is, yield and reliability of the 
BGA type semiconductor device are improved with this embodiment by improving accuracy of 
processing such as the screen printing which requires flatness of the semiconductor wafer. 
5 After that, a reflow process is performed. Therewith the conductive terminals 10 are 

made ball-shaped. 

Next, the semiconductor wafer la is diced along the dicing lines S into individual 
semiconductor dice 1, as shown in Fig. 10B. With this, the BGA type semiconductor device is 
completed. 

10 The photoresist layer R to form the openings K is formed on the protection film 9 by spray 

coating in the embodiment described above. This invention is not limited to that. That is, 
when a photoresist layer is used as a masking material in any other process step, the photoresist 
layer may be formed by spray coating. 

Although the first glass substrate 4 and the second glass substrate 6 are bonded to the 

15 semiconductor wafer la in the embodiment to secure reliability, the second glass substrate 6 may 
be omitted to simplify the manufacturing process. In this case, the groove is formed by etching 
the semiconductor wafer la along the border line S from its back surface to expose the first 
wirings 3, after back grinding the semiconductor wafer la as described referring to Fig. 2. 
The etching is made using a photoresist layer which is formed by spray coating a photoresist 

20 material on the back surface of the semiconductor wafer la. 

If the cushioning material 7 is to be provided on the back surface of the semiconductor die, 
the cushioning material 7 is formed on the back surface of the semiconductor wafer la by spray 
coating. Furthermore, the protection film 9 is formed on the second wiring 8 by spray coating, 
after the second wiring 8 is formed on the back surface of the semiconductor wafer la 

25 (semiconductor die 1). 

This invention is applied to the BGA type semiconductor device which has conductive 
terminals on the back surface of the semiconductor die in the embodiments described above. 
Not limited to that, this invention may also be applied to a so-called LGA (Land Grid Array) type 
semiconductor device which has no conductive terminal on the back surface of the 

30 semiconductor die. That is, the semiconductor device is formed to have the protection film 9 on 
the surface of the second wiring 8, but not to have the conductive terminal 10 in the opening K in 



the protection film 9. 

When this invention is applied to form the film of the cushioning material, the protection 
film or the film of the photoresist layer, each of the films mentioned above is formed to have 
uniform thickness, since the method of this embodiment uses spray coating in which the material 
5 to form the film is sprayed making mist of fine particles. When the protection film or the 

photoresist layer is baked, the semiconductor wafer is prevented from warping, because localized 
severe shrinking of the protection film or the photoresist layer is suppressed. Yield and 
reliability of the BGA type semiconductor device are improved with this embodiment by 
improving accuracy of processing such as the screen printing which requires flatness of the 
1 0 semiconductor wafer. 
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